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THIS INVENTION relates to sensor electrode systems. £p 785g0 ^ us 4224125. The 

Sensor electrode systems are known, for example, from ^ kjfld gene rally known from US 

present invention is concerned with sensor elecUode **** descr ibes the construction of sensors 
42241 2S. Our European Patent Application 82305597 (EP-a rooo catalytical | y active enzyme and a 

comprising a conductive electrode coated w.th a mixture, or iaye • membr ane. When such a coated 
mediator compound and usually further coated with a naming perm ^ exe ns a catalytic effect 

electrode is contacted with a substrate containing a species tor wn ^ ^ ^ gh/e a rea dout signal, 
the mediator compound transfers charge to the electrode ana soe cies, even in the presence of 

against a standard electrode, conelated with the concentration of thejKud spec 

oler species since enzymes are typically highly ^^T^^e^s listed elsewhere in this 
Enzymes which have been investigated and util.sed in such systems 

specification . Q<5 havB been ut j|i S ed each specific to the presence of 

Thus, numerous types of enzyme-coated electrooes nav ° acts as a catalyst and each therefore 

a physiological or other substrate for which the Pa™ 0 "™ * n j subst rate in vivo or in vitro and 
potentially capable of acting to detect, measure or «• TJ. condition contnSiiing-or affecting the 

gh,e a readout conelated for instance with an underlying ^^W^" dehydrogenase as the enzyme, 
substrate .eve.. In particular, use of glucose oxidase gU^d e^og 
20 associated with suitable electron-transferring medial o. .^ un f ^ ^ B tnus giving a diagnostic or 
correlating linearly with in vitro blood glucose levels , o glucose levels in plasma, serum, 

measuring tool for diabetic conditions. Also, such electrodes can measu y 

interstital fluid, saliva or urine. polyviologens. fluoranil and chloranil. 

The mediator compounds descnbed m ^^JT^ne compounds, and in particular the ferrocenes 
However, the preferred mediator compounds are metallocene compou 

(biscyclopentadieny. iron and its derivatives). redox potentials accessible 

The particular advantages of ferrocenes are - °tion of the rings, e.g. to confer solubility or 

trough substitution of the cy.opentadienyl nngs (b) J^™*^™ T(c) elecfrochemical.y reversible one- 
chemical iinkability to other such rings or other "J^^J^* 5 ^ Iow lutooxidation of the reduced 
electron redox properties (d) pH -independent redox potential and (e) slow 

^The ferrocene structure may be mod«ed by -J £ £^1^ 

as 1.1'dimethylfenocene is a valuable mediator. hnr „ wi th entitled "Assay techniques utilising 

Copending Application EP 84303090 9 of even date ^e^nW mediator electro chemical 
specific binding agents" is concerned w,th the Tcan be embodied by specialised 

avai.abi.ity of specific binding agents ^ ^^^oToX tvention^nd are discussed be.ow. The 
electrodes. Such electrodes fall within the scope of the present ™™» on 

interested reader is referred to the published s ff c ^ on -^ ^prnsrti utilising such sensor 

The prior art Application EP-A 78636 refened to above disclose iequ *m invention is 

electrodes. In genera, it is suitable for research or "^^^Ntho-P *-) use^ p 
concerned with providing sensor electrodes and equipment for use by iao p 

technical back-up services. . . __ nnr jaii v where complex mixtures are 

Use may be made of such electrodes in chemical industry ^P«^" v ^ ^,3, va i U8 in 
encountered L e.g. in food chemisuy or biochemical eng.neenng^They are however of pan. 
biological investigation or control techniques, in human or animal rnediane. ^ tor , aV| or c , in ,c. 

We have now established certain design criteria in the production of such electrodes tor y. 

uso - . y . A „ nA whirh enters body tissue to contact a body 

r^m^as^Tas 3 ; SSTJSSSS S of »e tissue or _g 

° f "J rn^te elongate, eimer to fit within a pointed need.e. or for ready haling as «^^jSy 
assembly ,0 equipment on the one hand and contact with tetferenc^teSooe as weT. 

manipulable. It must carry, prior to assembly or in the assembly structure, the reierence 
as the •sensitive' electrode, in spaced non-contiguous relationship. 
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>.«. = « n «r electrode svstem of the kind for use in detecting, measuring or 
The present invent.cn prov.des a sensor e, «f™ _ flow of current when an oxidoreductase 

monitoring a component in a liquid ™cture- by "«* impound Sandra e.ectrona bet^ an 
enzyme cataiyses a redox reaction of a substrate and ' ^ c SSerised in that the sensor electrode 
electrode and the catolytical.y active of wording eiectrode materia, 

system comprises a throw away stnp test electrode iacent to but non-contiguous with an 

comprising the enzyme and the med.a ~ «mp^. ^K^m^-on. and emending as or 

substrate e.g. a g.ucose-containing small blood ml. **op °J (blood mjxture Qf 

in one aspect the invention provides a sensor ^J^^ e ^^°^ onitormg the level of one or 
components for detecting the presence of. ™™™ n *J^™™ X *™s™ ^on, L sensor electrode 
more selected components capable of undergoing an enzyme catalysed react. 

system comprising:- . h worK i na electrode material being of 

the e,ongate support member, on a surface thereof area o J^SS*. combination of the 
electrically conductive material compns.ng at least at an outer ° of ^ reference 

enzyme and the mediator compound: on the surface a^ad^ot means denoting 

electrode: and separate electrical connection to each electrode ^Jf^Tm^nents in a liquid medium with 
presence, amount, or monitored level of the said one or more selected components .n a l.qu.d m 
which the support member is contacted to contact both electrodes. 

The elongate carrier conveniently comprises a flat stnp. containing carbon. We have also 

The first electrode is preferably formed of carbon , ..g a IB ^^^STTw^X- is a valuable 
found that carbon foil e.g. as available under toe Trade -J-JJJJ^ ^ ZJZL* in our European 
2S electrode material. The enzyme thereon can .n theory be any W™- m ^ bactetiai glucose 
Application 84303090.9. but the use of glucose «^ * «^£T Z?J2ui "mediator compound 
dehydrogenase from Acinetobacter calcoacetcus .3 ^^J.J^^meTvlferrc^e) are greatly to be 
can be used, but ferrocene or ferrocene dem.at.ves (especally 1.1 -d.methytferrocene, 

30 Prefe e7way of example only, carbon foil can be glued "^^^^^Z^^S 
deposited on the surface of the foil by evaporation of ^^^^^^TZ^on^ (referred 
surface by the use of i^yclohexyl-3-<2-morphohnoethyl) carbodnm.de methOi>-to.uen p 

to below as "carbodiimide"). .^^.^ We nave found it useful to provide 

The second electrode can be any conven.ent reference the surface thereof to 

3S adjacent but not contiguous to the first electrode, a flat layer of s.lver and to convert tne 

silver chloride so as to give an Ag/AgCl reference e,ec,ro ^ e - „, ^ preferably adhered to. 

Typically, the electrical connections can be w.res wh.ch extend down, and are p 
the strip, and make electrical contact each with its respective ele^ode^ aedicated potentiostat which 

The readout means is preferably ^ d.gHai .ndjcaWr surtab* ^^^S system The current flowing is 
40 poises the carbon electrode potential at e.g. + 1 50mV Ag/AgCl for a g.ucose sy 

then proportional to glucose concentration. ,_v - flat first electrode area of 

in a particularly valuable version of th s type of sensor. ^^TJltTpro^cal from a non- 
known area small enough to be completely.* verable by the * i^a reference electrode area 
expressed drop of blood generated from *<^^ n ***™%Z^%^*^ that the said blood 
« on the same surface separate from but suffiaentiy close to ' ^ "^^~Slton and (c) conductive 
smear also reaches the reference electrode to establish etatfnca. supp ort 
elements extending separately along the same surface of*nd ^J^^^Zeans attachable to one 
member, communicating one with each electrode for connection to signal read-out means anacn 

""ST^TS *E first (i.e. sensitive) electrode is generally substantia.* square; it ^ °' r 
otherw.se shaped, but in any case usually will correspond in area ^^^l^tZSS'^ 
below e.g. from 2 to 4 mm. Equipment SSS l a selected 

In one form, equipment utl.ses such electrodes to give v.s.Die re me dical or nursing 

physiological parameter thus being capable of use in human or vetennary medians by meo 
personnel, or by experienced lay subjects or. a self-me^urementbas^ equipment as being 

For convenience, this document will refer here.nafter to blcx)d^lucos^measunng eq ^ 
typical bS not limitative of equipment with which the sensor electrode systems of the present invention can 
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Diabetic subjects need to measure their glucose levels frequently. Hitherto, a common method carried 
out by Se subje^personally is a colorimetric test using a blood or urine sample wh.ch ,s appl.ed over a 
surt^e^ea comain^ng a colour-reactive detector chemical, adjacent to a companson area, to g.ve a colour 
chance which r C ompared with a chart of colour values as an approximate measure of glucose level 

Tore ?e how3 defects in this method. Firstly, colorimetric changes are quantrtajwely d.fficuft to 
^sesTeso^iaTJTthe patient has impaired vision as a result of the diabetic condition. Indeed because of 
Ss TroofeT^ensive automatic colour comparison equipment may need to be purchased by some 
subjects ^ weting the test results. Secondly, the blood test, whi.e inherently more accurate than a 
urine Test needs^a large enough sample to cover the test surface. £ £J 

colour development accurately. Since blood samples, on a self-treatment baas are^ taker "^^J* 
extremities (fingers, toes, earlobes) they are normally not large enough when ob^ by a 
nrick and must in fact be expressed i.e. squeezed or massaged out to form a larger drop • ^^^T* 
STe «sTue 7Se extremities becomes scarred and coarsened by such treatment to an extent whereby 

^'rrdel Tt^ZZ^r^o^nos^ basis a main object of the present inven^ 
one aspS is as described above trie provision of small scale 
electrode strip capable of using the naturally-arising small blood droplet from a needle-pnck tester, without 
tissue massaoe Examoles are described in more detail below. .... . . 

^rsm^lSaTe electrodes are intended as single-use throwaway art.cles and are , ut^sed Im 
20 conjunction *Z electrical circu.try and a readout means, to which must be easjy attachable and 
detachable. Such circuitry and readout. means is itself preferably embodied on^very s ^f ' s ^ 

We have accordinqly found that the totality of the equipment is subiect to certain design constraints, 
^s iHsT^rer op^ct of the invention in this form that me device should be * e 
user eL pnysiSS e.g. 1 used with its own invasive probe or psychologically by vrtue of .ts 
26 „ fa £2K~? of the invention in this form that the device should ^^J^S^Z 
size of the throwaway electrode and of the permanent circuitry/readout components, of easy assembly and 

aTr^iS^tne 2l2^ form to ensure that the redely expensive permanent 
circuits/readout Smponents should, despite their small size, be of a form which m.n.m^esi^or damage^ 
It te stiY a further object of the invention in this form to provide a dev.ce the d.splay read.ngs of wh.ch 
are visible and understandable to a non-expert user. assemblv of the 

We have now found that these and other objects of the invent.cn can be met by assembly 
circuitrv/readout components into a housing resembling a pen or d.gital-watch. ., f 

° Z.t use wi* sensor electrode systems of the present invention, there 

circuitry and display means for use in producing a readout value as a d.agnostic a* «tan» o^nary 
medicine, housed in a pen-like hollow elongate housing having (a) at one ^end an ^J^Jf^Stal 
socket suitable to receive the outer end of the sensor electrode system capable of P^"* ng . 
sjna. correlating with a physiological parameter to which the ™™ T^j£T3£ 
sensitive and (b) towards the other end a digital read-out w.ndow for °*h.b.t.ng I* "umencal value 
corresponding to the parameter. A thermistor may also be used for temperature compensate. 

T^peSn sklllJu in the art of designing medical equipment will appreciate th* t use of the .rjvenhon 
extends to the pen-like assembly in combination with an attached sensor electrode system as ^ e ™*£ 
an? to the combination as a kit of interrelated parts of such an assembly with a plurahtv of test members 

'"'Te te^C-nS" is a genera, limitation on size and shape. In functional terms, its characteristics are 
such ^ a^can be held nea? the socket between the thumb and the nearer one or two opposed finger* 
wtm the elongate body resting on and extending beyond the forefinger. 

fine control o? the socket end by the thumb and fingers. In numerical terms .t can be<rom 1 0 » » 
and from 0.5 to 3 cms across its maximum transverse dimension; more usually rt w'llbefrom 12to 20 cms^ 
tong and from 0.8 to 1.5 cms. across. It can be generally circular, or po^gon a. . n_ 
detachable test member is usually a small-scale enzyme^oated sensor electrode. * ^J*' 0 "^ J 
STe earlier Patent Applications listed above, and especially such an JSTLJ 
soecifically glucose-catalyzing whereby diabetic conditions can be measured, ft may be a ^ external srjnp 
eSS dimensioned to operate on a small, non-expressed, blood droplet The socket arrangement w,.. 

V ^,nTeTmcSdiment of the present invention, two or more sensor electrodes may be incorporated into a 
sinaia test member. Again, the socket arrangement will vary accordingly. rflo , 

^efeadout means will typically be a conventional seven-segment display window toward the rearward 
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h f th» «n«n- as in conventional pen/watches, in the case of the multiple sensor embodiment described 
end of the pen as in convenuu..* ^ .. . flhlft hfitwefln eacn sensor's discrete monitoring 

to glucose determination as typical. nnints and advantages should be 

In the operation of a glucose sensor a number of relevant JJ^lSlJlould by no means be 
considered. It will be appreciated that these points are c*j genera. £mm~m*^ ^ 
restricted in this application to the particular design features o the P^e^ntappnca 
ipTy generally to the embodiments listed above, and especally to those embod.ments msotar 
with equipment and methods for glucose sensing. These features are:- 

I Constructional Features 

(a) Membrane cover for electrode , - - 

A.though the enzyme electrode shouK be in electrica. 
to exclude the sensor from interfering contact with fS^^^^.^^'Seat^rinKab.e thin 
done by a covering or surrounding membrane, depending on electrode geomeiry 
polymer tubing can be used as. or in connection with, sucnmembr^ valuable mem brane is 

The membranes can be polymerised in srtu (e.g. cellulose * ^^arta - NUC LEOPORE- or 

formed by polycarbonate, especiaily those .P^^^^^^^^nl membranes do 

Alternatively a polyurethane membrane may be employed. 
(b) Type of carbon 

Carbon foil, as strips, or carbon attached to metal meshes ^JZZ SrTJ'S 

Maries "GRAPHOIL" and -PAPYEX" are much P^^dtor signal between 

s ,ucose oxidase. Oxygen interference is = ^ ^ J'^'^^v^enTf or fabrication, especiaUy 
anaerobic and fully aerobic samples. TTieir physical nature is aiso very uu 
of small-scale devices. 

1 1 Operational features 

(a ) Operational potential 

Preferably operation should taxe place at a potential ^ ~ ** ~~ 

interference caused by oxidation of other chemical spec.es present ,s thereby reduced. 

(b) Concentration range 

Glucose oxidase can be used to monitor g.ucose <~~^*J>* £ ^or^p^ 
dehydrogenase at 0 to 20 mM when immobilised on a carbon-ferrocene electrode. The sensor respo 

linear up to about 40 mM. 

(c) Response times 

55 ~ The glucose oxidase sensor without membrane is kinetically limited giving rapid response times i.e. 
about 20 seconds to 95% of the steady-state current response. 
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( d) Oxygen-sensitivity 

Glucose dehydrogenase/ferrocene electrodes are totally oxygen-insensitive. 

5 (e) Use of third electrode 

,n practice, a realist* device can acnieve good performance without a third electrode, using Ag/AgCI as 
a reference counter-electrode, as described more fully below. 

to (f) pH and temperature 

Glucose oxidase electrodes show no change ,n «S^SJL£ 
relatively pH-insensitive. They are temperature-stable up to 40°C_ If ^ess*^ £ operating with the 
car! be effected using a thermistor, or a constant temperature jacket may be used. Also, op 
, 5 electrodes diffusion-limited minimises temperature effects. 

( g) Storage of Electrodes 

Electrodes may be stored moist. Extended storage, over months or years, may be achieved by freeze- 
20 ^Z^t^^^.c^.^ co^^ of the electrical circuitry for operating the equipment as 
described. AWin in UQ H with a measuring device comprising 

to -ekes -rsi ^J^JHStrs: sss : 

sensor including an electron-transfer electrode may be made without the use ot a separ 

re Ta C preferred embodiment of the invention, the ^l^^ s 1^'°^ 

ag Jnst a P r eference electrode, and the current those 

Tne particular electron transfer electrode may be selected from a range 
employing the following enzymes 
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Enzvme 
Flavo-proteinfl 

Pyruvate Oxidase 
L-Amino Acid Oxidase 
Aldehyde Oxidase 
Xanthine Oxidase 
Glucose Oxidase 
Glycollate Oxidase 
Sarcosine Oxidase 
Lactate Oxidase 
Glutathione Reductase 
Lipoamide Dehydrogenase 

POP Enzymes 

Glucose Dehydrogenase 
Methanol Dehydrogenase 

Methylamine Dehydrogenase 



substrate 

pyruvate 

L-Amino Acids 

Aldehydes 

Xanthines 

Glucose 

Glycollate 

Sarcosine 

Lactate 

NAD ( P ) H 

NADH 



Glucose 
Methanol and 
other Alfcanols 
Methylamine 
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Haem-Containing Enzymes 
Lactate Dehydrogenase 
(Yeast Cytochrome b 2 ) 
Horse-radish-Per oxidase 
10 Yeast Cytochrome c Peroxidase 

Mptalloflavo proteins 

Carbonmonoxide Oxidoreductase 



Lactate 

Hydrogen Peroxide 
Hydrogen Peroxide 

Carbon Monoxide 
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Cuproproteins 

Galactose Oxidase 



Galactose 
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The Invention wiH be further described with reference to 1 * ^ 
Figure 1 is a front view of a strip-supported electrode configuration. 
Figure 2 is a back view of the combination shown in Figure 1. 
Figure 3 shows an alternative strip-supported electrode; 
Fijure 4 shows a strip-supported electrode wh.ch - avmrt t of Rgura 3 
Figure 5 shows a modified connection of the stop electrode of Rgures 3 and 4. 
Figure 6 shows a further alternative supported electrode; 

Figure 7 shows a combination of two electrode supports: of particular utility 

Rgures 8a and 8b are genera, diagrammatc s,de vrews * ^ ^ a readout 

for the electrodes shown in Rgures 3. 4 and 5. having an assemDiy or 

window; -taetrical circuitry for use with the electrodes and 

Figure 9 shows a schematic diagram of one form of electrical circuitry 

equipment of the present invention: » m Knrtiment of Fiflure 9: 

Rgure 10 shows a more elaborated circuit diagrsm tor use m *e embc^^Jf^ 
Figure 1 1 shows a schematic diagram of an alternative om ^'™* * °^^of 
Figure 12 shows the more elaborated circuit < ff^^^J^Z^^ons are given 
In the following description of Figures 1 and 2 dimensions, matenals amount v> >~ 

by way of example only. „ , .^motnr holes 2 and 3 therein. A 9 x 9 mm 

A strip of epoxy glass 1. 9.5 x 40 x 1.6 mm. has two 1 mm mm ^ 
piece of graphite tape or foi. 4 is glued on one ^ ^Xnt enter holes 2 and 3 
silver foil 5 is glued adjacent thereto over hole 3. VVims 6 j^d* material 4 and 5. being glued in the 
respectively for electrical connection with the respective overat least part of the back 

Sesty conductive epoxy resin a A stabi.isingjayer of ^^^^^e^c^e^ glucose 
e g at 9 to keep the wires in place. Carbon electrode 4 is covered witn . 
oxidase. Silver electrode 5 is covered with silver chloride. 
Trie strip is made up in the following sequence:- 

(a) drill holes 2 and 3. 3nou|d ^ ente r holes 2 and 3. 

(b) glue on electrodes 4 and 5; ARALDITE epoxy r ^ 81 " ' s n s "^-. ARALDrTE - resin at 9 the fix the wires 

(c) attached wires 6 and 7. using conductive epoxy 8. and apply ARALDI t res 

S, P !SS' the silver electrode at + 400 mV vs. SCE in 5M chloride for 10-15 seconds to deposit a thin 
i?SSE solution of 1 .V-dimetoyHerrocene (4 In toluene (20 mg/m.) to «he graphite tape 4 and allow 
S corTe ferrocene^oated tape with 50 u.1 of csrbodiimide (25 mg/m.) in pH 4.S acetate buffer for 1 
1/2 hours and 
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iaminate. It includes a square area 18 wrth .'^ m rete rence electrode area 20 and separate 

containing layers as described above^t ^J™££ * 7 S ™ n Xo . as snown in Figures 8a and 8b 

connector lead 21. The rearward end 22 * ^ J'SSi needle 10. the electrode strip 17 is a small-scale 
and described below. It is to be noted that ^ ^^J^ eacn of two square colorimetric test 
device. Thus square area 18 is of a side length ^ n *J^* ™ „, ^-expressed bead of blood from 

Figure 4 shows a longer strip, and Figure 5 shows the inner eno or a 
metal contact strips. „o..i^ nQ oolvmer for example MYLAR or TEFLON ( a 

,n Rgure 6 a 2 cm length of electrically ,nsu ^ Q ^^° ed ^ a pal^lum-siK^r conducts 
polyfluorocarbon) 0.3 mm square in transverse ^""^^ 32 on the back as shown in 
electrode 31. on the front surface as shown. ™**^£*£X formed simultaneously with the 
dotted lines. In each case conductive lines 33 and 34 respectively. 

electrodes. t„i„ana 1 1 '-dimethyl ferrocene and graphite, formed 

On the front electrode 31 is painted a ™^ re * J? 1 "^- 1 ^' ^slurry of toluene and graphite. It is 
by mixing a solution of the toluene and 1 -^'^f °™f^ dryU^the mixture forms a layer 35. A 
believed that the ferrocene is adsorbed on ^^W^rWby carbodiimide immobilisation, 

layer 38 of glucose oxidase is then immobilised ^^f£^\nw then be covered, on both sides. 
Sown per se (enzyme adsorpton can to block Urge interfering 

with a semipermeable membrane of cellulose acetate (or polyuretnane,. 

species from contact with the electrode. ... of , or m e enzyme-attachment stages, in 

The square section of the support helps in the painting of slurry, or in 
as keeping the electrodes 31 and 32 distinct especially valuable for incorporation 

microelectrodes. . , lMrl -wjps 33 are formed in silver/palladium on 

The reference electrode 37 and rts conductive are formed in silver/palladium on 

TEFLON base 39. Similarly, an electrode support 40 and lead-out snip *i * (a) painting on a 

location is also possible. . insida a neod | e bore. e.g. with extra access portions 

As before, the finished assembly may be located inside a neeaie uut*. « 

near the electrode surfaces. 
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incorporation of i\1'Kllmethytferrocene into the electrode 

A solution of V.Vdimethylferrocene in toluene was mbced into a toluene^ased ,u, of *e graphite 
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powder. The mixture was then painted on to the base conductor 41 and allowed to dry at 43. Th, S provided 
an electrode surface that was electroactive towards glucose CQuld proviae a usable 

These experiments showed that 'thick layer"or ^^^ 9 ^™ ore over the e.ectrode surface 
strip which could easily be coated with a stable °"^* U ^™^neZectiy into the coating mixture, 
could be made electroactive towards glucose by adsorption « » f effocene a 

in addition, the reference electrode operated satisfactorily ' Electrodes as shown in Figures 

Figures 8a and 8b show a holder which s part culariy adapted to utilise eiec* ^ ^ ^ ^ 

3, 4. 5 but which could if necessary utilise electrodes as shown in Figures a 

the various embodiments shown. ^ n «, n tional oen/wateh as much as possible. It has 

From above the holder 81 intentionally resembles a ^"^"^"^^V cavity 83 formed within it A 
a forward end 82. possibly rotary to tighten the wails of a tanned ^ djgital readout- 
central join, a clip 84 and a press-button 85 all resemble those of a conventional pe 

window 88 is also of a type known in pen/watches. ^ 87 possibly printed in situ, battery 88 

inside the holder as shown by dotted lines is connector ^ J ndow ae. The display can 

and operating circuitry 88 ^^J^i^E ?J2ZXn~m can be provided if 
be capable of operation only when button 85 is pressea 

necessary. ^ . ^^ ori , 1<Iftr i ; n conjunction with the electrodes 

The embodiments shown in Figures 8a ^J b j ^^ , ^ 0 ^ 8 ^lnt 

of Rgures 3 - 5 fulfill the design critena discussed abovefor ~* 'Jj^* J n er) means that the small 
The delicate manipulation facilitated by the pengnp e.g. by * u ™^ « m ^ A user will 

e.ectrodes e.g. of Rgures 3. 4 or 5 can ^^I^Z^T^ngT^ou, relative orientation to the 

always orient the holder with the window 88 visible thus j*™***™^^ fitted without experiment and 

socket 83 whereby the rearward ends of the fragile electrodes can oe 

damage. . . Iv canied in a pocket more so than for 

The "pen" format is instinctively picked up after ^ ™* swarded. Furthermore, it is 

any other small device. Thus the expensive part of me £"* m °™ '* ^ m actual function of a 
possible to incorporate a conventional timer arcuit into the ™ "J ? nrne * which a reading 

pen-type watch and providing an audible or visible signal which marks the point in 

should be taken. . nncessarv can be supplemented by an 

Finally, the display is numerical, clearly visible and if necessary can 

illuminating light source. . KiJtef in - and the inverting input 103 of the 

,n Rgure 9. a sensor 101 is connected between a vc ^^J T ™%^o„° Terence 105 connected 
operational amplifier 104 which is configured as a cunent "^^/JJES £S 10 7 which removes 
to me non-inverting input 106 of the operational ^^^^Sce, of interference) while 
rapid signal fluctuations (which may be due to no.se earth hum orojer ^source^ 10a 
allowing the filtered output of the operational amplifier 104 to be fed into me d^gra. ^ D y M 

The digital volt meter is supplied with clock pulses v,a the . dmder 109. ^™ ™ va|u8 Qf ca ^ jle 

drives a liquid crystal display 112. The electronic reference 105. is either of a pre-seiecxeu 
of being selected for a particular electron transfer electrode. cnmorises a mediator-carrying 

reference voltage 105 is selected accordingly. 152 153 and ,54 together with diodes 151. A 

In Rgure 10. the electronic reference comprises resistors 152. 153 ana ^ across 
voltage is selected at 0.3V by a suitable choice of res^tor values at 152. 153 and '^^^ ^ on 
^resistor 153 is 1V. which ensures that 100 uA of electrode cunent will grve a full scale reaa ng 

the liquid crystal display 109. tor _ in _, 1Q1A re mains substantially constant 

Non-inverting buffer 102 ensures that the voltage on fhe terminal 101A remains 
The sensor 1 (Rgure 1) is connected acrossterminals 10 A and 1 01B ^ ^ ^ 

The operational amplifier 104 is connected via its inverting input 
feedback resistor 141. The non-inverting input ^^ n ^^^^Z ^^'. and supplies an 
A first-order low-pass fitter 171. 172 is connected across * a [^^J^^ by Motorola). The 
analog signal to the D.V.M. 8. Pin values are given for a 7116CPL chip (manuraciureu 
D.V.M. drives a liquid crystal display 112. for a 555 chip) via 

Clock pulses for the D.V.M. are supplied from the timer 111. (pin values 9 connection 
the dividers 191 (pin values for an MC 14020B) and 192 (p.n values for an MC14Q16B cn.p». 
193 to pin 1 1 of the divider 191 enables a power-up reset 
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■n Rgure 11 an arternative circuit is shown wnich does not make ^^^^gjS^^ 
102. but has the sensor 101 connected between the operation^ ampler 104. an * AJ^JJ" ZTZ?oi 
shown in Rgure 11 employs a fixed reference voltage which .s provided by a crcurt diffenng from that of 

R °T mis embodiment, the diode 155 functions as a voltage-reference diode and provides a reference 
voltage drop across its ends equal to the diode forward voltage. voftaae may be applied 

By a suitable choice of the values of me resistors 156. 157 and 158 me correct ™ v ~ 

across me electrode. «n mis embodiment me sensor again employs as * 
immobilized g.ucose oxidase in me presence of a mediator ^^^^^o^abte 

Rgure 12 shows a third embodiment of me present mvention. which ^ Jj^SSSto TaUs. 
reference voltage which may be selected to accommodate any type ^J^^^^SmlS^ 
one. which for example, employs any of me enzymes listed here.n or any combination of mese enzy 
The LED display is not shown. eoiortori from resistors 141a, 

in Rgure 12 me feedback resistor 141 in circuit at any given «™™**™J^?Z£?T* currem 
141b. and 141c by means of switch SW2a which is ganged with swrtch SW2b. Jh.s .fscale. 
output of me sensor 101 to be displayed in three ranges, for example, II *A1 0U*<* 100 ua iu 
Furthermore, me range may be trimmed by using me variable resistors 142| anti I 14ZD. 

The embodiment shown in Rgure 12 has me non-inverting voltage buffer 102 of me embodiment 

in Preference voHage for the embodiment shown in Rgure 12. is ^^^te^ Z'. 
505 which include me potentiometers 503 and 502 P'cvi^nga "™^\™^J C ™^ £° contiguously 
mereby accommodating any type of electron-transfer electrode Jt '*/ b 7^^*^ n s U tcnir 2 
variable resistors 142a and 142b could be replaced in certain applications bystepw.se res.stance swncn 
means wim each position or setting being dedicated to a particular * e ' < ^% fV5 ^ display may t>e 

Various modifications may be made in me circuitry. For example me liquid c ^ J^f* 
repla^Tby potter or a dosage control device, or a temperature lability circuit «^ '^J^ 
P lSSous modifications may also be made in constructional techniques ^.^^^Tmu^epped 

The electrode may for example be manufactured by screen pnntng techniques e.g. in a mum sreopeo 

procedure comprising:- 

i^^^ssrsr^rs*-. . ~~ — 

oxidase in buffer, and an organic polymer. accsflmh!v 

"^rr^r^ - - * - 

^Totf^end. mere can be used a suspension in a liquid medium of ^"^^^tom me 
(a) an enzyme and (b) a mediator compound capable of transfernng charge to the said «™\"° m " 
Szymi , wnen the enzyme is cata.ytica.ly active, me said S= on S/aT^m meen^e ("g 
conductive ink for use in me fabrication of electrodes as descnbed above. "J * £ 

^cose oxidase) and me mediator (e.g. ferrocene or a ferrocene derivative) are present in me 

^mediator may be in me form of a mediator/hapten S^^SSlS 
mat its activity in its charge-transferring property is ameasure of furth« J^^^^^ is contacted, 
a specific binding agent wim which me eventual ^^^^^^^^iJ^^^enMed 
A specific example is me meophyl.ine/fen^cene .conjugate MM. '^'^ttiX/enzyme^igand 
-Assay systems utilizing specific binding agents", of even date herewith, umer » electrode 
systems can be also utilized in me specialized ink. More generally in mis respect ^areart first electrode 
mCTa? may comprise (a, a ligand such as an antibody (b) an ^^^^^^Z^ 
binding properties thereto (c) me mediator, conjugated to erther (a) or b) ^^^f^^^^ unbind3 
when (a) and (b) are not specifically bound. Such an electrode is useful in assay «**V** m wn,cn un 

ral and <b> at least in part, mereby to provide mediator for me enzyme/substrate reacaorv . 

(3) ^copendtg Application &4303090.9 also describes a further modification of etecfrode ^atinent ,n 
which a metal such as gold is pretreated with a mediator compound such as 3 '^^^T^ 
sSSur^ontaining ..nking^roup. Examples of V*^**^^^*^ ST^S^ 
alkylene - omega monomiols (C-C) me compound FC-Chfe-CHs-CH* ^T^™*" ™J" Aoollcation. 
whTch a chain oT sulphur atoms connect me ferrocene ring systems ^^^^SS TX^* 
Thus, an electrode dip or contact solution for a noble "^ i0 ^^^ ^ n ^ n T^^ 
containing such a sulphur-linkable ferrocene, and give a coated electrode wrth a isrroconeiype y 
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adherently in place. 
Claims 



w 



is 2. 



20 



25 



A sensor electrode system of the kind for use in detecting, measuring or momtonng ^ ^mponentm a 
Hq^J mixture, by monitoring the flow of current when an oxidoreductase enzyme causes aredox 
Action of a substrate, and a mediator compound transfers electrons ^^^^^J^^T 
Stically active oxidoreductase enzyme; characterised in that the 

nrises a throw away strip test electrode carrier carrying an area of working electrode matenai 

with an area of reference electrode matenai. both electrode areas Doing or »" farilitata 
extending as or supported on the electrode carrier formed as ™*™^^™™TJ2y S 
manipulation before or during contact with live tissue or wrth a small w«thdrawn sample of body flu.a. 

A sensor electrode system according to claim 1. comprising the elongate support ™mber; on , a 
surtac^ [hereof the area of the working electrode material being of electncally cond"^ maena. 
com^sino aT leasi at an outer surface thereof the combination of the enzymeand the mediator 
compound 9 on SfsuriaS of the elongate member, the area of trie reference electrode; and ^parate 
Z ~nnec£on to each electrode for attachment to a readout means denojng , 
or monitored level of the said one or more selected components m a l.qu.d med.um wrth wh.ch the 
support member is contacted to contact both electrodes. 

A sensor electrode system according to claim 2. which comprises (a) a flat first ele^e area of « 
area small enough to be completely coverab.e by the smear of blood P«*"ced^ ™2Ze^i 
drop of blood generated from a needle-prick at a bodily extremrty. and (b) ^* re ^ 
on*e save surface separate from but sufficiently Cose to the 
blood smear also reaches the reference electrode to establish electncaJ commun.caton and <c> 
S^ate conductive elements extending along The same surface of the ^^^JZs^ 
Sonicating one with each electrode for connection to signal read-out means attachable to one end 

30 of the member. 

4. A sensor electrode system according claim 1. 2 or 3 in which the area of working electrode material is 
square. 

35 5. A sensor electrode system according to any of claims 1 to 4. in which the area of working electrode 
material is less than 25 mm 2 . 
6. A sensor electrode system according to any preceding claim, in which the reference electrode is 
silver/silver choride. 

W 7 A sensor electrode system according to claim 1. wherein the working electrode and the 

JZZZL aTcarried on the same face of an elongate non^onductive earner of rectangular cross- 
section. 

« a A sensor electrode system according to cfcim 7. in which the ^^^^^^^ 
towards one end of the surface of the elongate member, and the area of the reference electrode is aiso 

towards the said end. 

9. A sensor electrode system according to any proceeding claim. ^^^Z^^^cZlZ 
so reference electrode are carried on opposite faces of an elongate noi«onductove earner of rectangular 

cross-section. 

10. A sensor electrode system according to any preceding claim, in which the enzyme is a glucose 
enzyme. 

55 11. A sensor electrode system according to any preceding claim, in which the mediator is a ferrocene. 
RevondicaUons 
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. un systeme electrodes pour detecteurs du ^ ^ 

mesure ou le contr6le d'un composant dans un "JW "J^ substrat at qu'un compose 
.orsquune enzyme oxydoreductase catalyse ™J^Z^ ? ^doreductase catalytiquement 
mediateur transfers des electrons entre une electrode et I °"^ m ° co mpre nd un porteur d'electio- 
active. caracterise en ce que .e systems ^^^J^^Z^ formant electrode de 
des sous forme d'une languette test a jeter component une zone «£™ contique a une 

travail comprenant .'enzyme et le compose mediateur. la "*m£*£ SSSaHi* de faib.e dimen- 
zone de matiere formant electrode de reference, les deuxzones ^'^^^^ la forme d'un 
sions et s'etendant sur ou supportees par le porteur d avec le tissu vivant 

element allonge de maniere a faciliter la manipulation avant ou pendant le comaci 
ou avec un petit echantillon pceleve de fluide corporel. 

„ Un systeme d'electrodes pour detecteurs suivant ^^T^T^l 
forme allongee sur la surface duque. la zone de B ^urfeces externes .'association 

d'une substance e.ectro-conductrice comprend au mo.ns a ™J*^?T°?\ zone d'electrode de 
de .'enzyme et du compose mediateur sur la surface de '^^nt altonj. la ^ & up 

reference et une connexion electrique *^°*?^™n^au£Z Tle^ control dudit 
dispose de sortie des donnees de mesure montrant U» pnSsence. ^T^^ eS t mis en 

ou desdits composants selectionnes dans un m.I.eu l.quide > avec lequel I element 
contact de maniere h assurer le contact avec chacune des electrodes. 

3. un systeme d^ectrodes pour ^^J^^S^^ T^^^ 
2 one d'electrode plane de zone connue suffisamment d'une piqOre d'aiguUle a 
par la tache de sang produite par une goutte non expnmee de sang Ul ™££ mais 
Z extremite corporel.e et (b, une zone ^^J^^^Jj^^^ 
detoutenetantsuffisammemproch^^ e ^ (<j) dea 
attaint egalement I'electrode de reference pour ^ Ur "~ ~^ n 'S relement support allonge, 
elements conducteurs separes s'etendant le long de .a ^ n ^^^^„2 S posJasfBCB^ 0n 
communiquant chacun avec une electrode pour ^^JZZ^re 
des donnees de mesure pouvant §tre attache a une extremite du membra. 

4. Un systeme d'e.ectrodes pour detecteurs suivant la revocation 1. 2 ou 3. dans lequel la zone de la 
matiere formant Electrode de travail est carree. 

5. Un systeme d'e.ectrodes pour detecteurs suivant .'une queteonque des revendications 1 a 4. dans 
lequS^zone de la matiere formant electrode de travail est .nfeneure a 25 mm*. 

6. un systeme d'e.ectrodes pour detecteurs suivant .'una que^nque ^-endications precedentes, 
dans lequel .'electrode de reference est une electrode argenVchlorure d argent. 

Un systeme d'electrodes pour detecteurs suivant ^^J^^^Z^ 
.'electrode de reference sont supportees sur la meme face d un support aiiong* 
section transversale rectangulaire. 

de I'electrode de reference est egalement sttuee vers la meme extremite. 

dans lequel I'electrode de travail et .'electrode de reference Mrn suppo.io 
d'un support allonge non conducteur de section transversale rectangulaire. 

10. Un systeme d'e.ectrodes pour detecteurs suivant .'una quelconque des revocations precedents 
55 dans lequel I'enzyme est une enzyme de glucose. 

,1. Un systeme d'electrodes pour detecteurs suivant .'una quelconque des revendications prtcedenfes. 
dans lequel le mediateur est un ferrocene. 
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Patentanspriiche 

1. Sensor-Elektrodensystem zur Verwendung beim Nachweisen. Messen oder Oberwachen einer Kompo- 
nente in einer flCissigen Mischung. durch Oberwachen des Stromflusses bei e.ner Redoweakaon ernes 
Substrates, die durch ein Oxidoreductase-Enzym katalysiert wird. wobei e.ne Vermitterveroindung 
Bektronen zwischen einer Elektrode und dem katatytisch aktiven Oxldoredulrtase-Enzym Ubertragt 
dadurch gekennzeichnet. dafl das Sensor-Elektrodensystem einen wegwerfbaren SUerfentest-Beldro- 
dentrager autweist der eine Rache aus Arbeits-Elektrodenmaterial tragt welche das Enzym und die 
Vermittierverbindung umfaflt wobei diese Rache benachbart zu ai^r Racbe aus Refer^z-Elekfroden- 
material ist iedoch nicht an diese anstoflt. und wobei die beiden Bektrodenfiachen klem dimens.on.ert 
sind und sich selbst als langliches Teil Oder als vom langlich geformten Elektrodentrager gefragenes 
Tail erstrekken. urn Manipulation vor oder wahrend eines Kontaktes mit Lebendgewebe oder mrt 
einer kleinen Entnahmeprobe aus KorperflClssigkeit zu erieichtem. 

2. Sensor-Elektrodensystem nach Anspruch 1. das den langlichen Tragerteil beinhaltet wobei l auf dessert 
einer Oberflache die Rache aus Arbeits-Elektrodenmaterial aus elektrisch lertendem Material ist. 
welches wenigstens an seiner aufleren Oberflache die Kombination des Enzymes und der Vermtttler. 
verbindung beinhaltet. wobei auf der Oberflache des langlichen Teiles die Flache der *f*™*- 
Elektrode ist und wobei eine getrennte elektrische Verbindung zu jeder Bektrode fur einen Anschlufl 
an ein Auslesemittel vorgesehen ist welches Vorhandensein. Menge oder Qberwachten Pegel der einen 
oder der mehreren ausgewahlten Komponenten eines flQssigen Mediums anzeigt. das auf dem Trager 
aufgebracht ist, zur Kontaktierung der beiden Elektroden. 



3. Sensor-Elektrodensystem nach Anspruch 2. mit 

(a) einem flachen ersten Elektrodenbereich bekannter Rache. die klein genug .st. urn voUsttndig 
durch den Blutobstrich bedeckt zu werden. der von einem nicht ausgedrilckten Bluttropfen stammt 
welcher durch einen Nadelstich in eine KSrperextremitat entnommen wird. 

(b) einer auf derselben Oberflache angeordneten Referenz-EIektrodenflache. die zwar getrennt. aber 
doch so nan zur empfindlichen Elektrodenflache liegt. dafl der Blutabstrich auch d.e Referenz- 
Hektrode erreicht. urn eine elektrische Verbindung herzustellen und 

(c) getrennten. leitenden Elementen. die sich entlang der gleichen Oberflache des langlichen 
Tragerteiles erstrecken. wobei jeweils eines mit jeder Elektrode verbunden ist fOr einen Anscfllufl an 
Signal-Auslesemittel, die an einem Ende des Teiles angebracht werden konnen. 

4. Sensor-Elektrodensystem nach Anspruch 1. 2 oder 3. dadurch gekennzeichnet dafl die RSche aus 
Arbeits-Elektrodenmaterial quadratisch ist. 

5. Sensor-Elektrodensystem nach einem der Anspriiche 1 bis 4. dadurch gekennzeichnet dafl die Rache 
aus Arbeits-Elektrodenmaterial kleiner als 25 mm 2 ist 

6. Sensor-Elektrodensystem nach einem der vorstehenden Anspriiche. dadurch gekennzeichnet dafl die 
Referenz-Elektrode aus Silber/Silberchlorid ist 

7. Sensor-aektrodensystem nach Anspruch 1, dadurch gekennzeichnet dafl die Arbeits-Bektrode und die 
Referenz-Elektrode auf derselben RIche eines langlichen nichtleitenden Tragers rechteckigen Quer- 
schnittes aufgebracht sind. 

a Sensor-Elektrodensystem nach Anspruch 7. dadurch gekennzeichnet dafl die Rache des Arbeits- 
Elektrodenmaterials zu einem Ende der Oberflache des ISnglichen Teiles hin angeordnet ist und dafl 
so die Rache der Referenz-Elektrode ebenfalls zu diesem Ende hin angeordnet ist 

9. Sensor-Bekrodensystem nach einem der vorstehenden Anspriiche. dadurch gekennzeichnet dafl die 
Arbeits-Bektrode und die Referenz-Bektrode auf entgegengesstzten RSchen eines langlichen Tragers 
nichtleitenden Materials rechteckigen Querschnittes aufgebracht sind. 

55 10. Sensor-Elektrodensystem nach einem der vorstehenden Ahsprilche. dadurch gekennzeichnet dafl das 
Enzym ein Glukoseenzym ist 
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11. Sensor-BeWrodensystem nach einem der vorstehendon AnsprUche. dadurch geKennzeiCnet. da* die 
Vermittlersubstanz ein Ferrocen ist. 
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